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© Wettable, flexible, oxygen permeable contact lens containing block copolymer 
polysnoxane-polyoxyalkylene backbone units. copolymer 

© Contact lenses which are optically clear, wettable, flexible, and of high oxyoen oermeabilih, in iho ^ 
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Wettable. Flexible. Oxygen Permeable Contact Lens Containing Block Copolymer Polyslloxane-Polyox- 

yalkylene Backbone Units 

This invention relates to ophthalmic devices, such as contact lenses and intraocular implants and 
particularly contact lenses of a block copolymer containing polysiloxane and polyoxyalKyTenToxWe untte 
possessing an advantageous blend of desirable properties including a) high oxygen cZZZZmto 
wettability c, flexibHity and d) optica, clarity, in the ocular environment of Z Z , taSZ^ *2 

5 t£S%£j£ WHiCh "" ° Ph,ha,miC ^ - ,abriCa,ed "« «* ^ TZnTJXl 

know." ° f S "° Xane COn,ai " in9 materia,s of various *P« in »» Nation of ophthalmic devices is well 

,„ i^L T US 3 " 6J87: 3-996.189; 3.341.490 and 3.228.741 there are described contact lenses 
,o fabricated from po.y (onganosiloxanes, containing fillers. While such tenses are genera^sS Sd o T£ 
oxygen permeabmty. the use of fillers such as silica, is indicated in order to increase <h Tothe^le 

U.S. 3.808.1 78 discloses hard contact lenses fabricated from copolymers of a polysiloxanylalkyl acrvlata 
,s or methacrylate ester and an a.ky, acrylate or methacrylate ester. The nonon^ J^y^ TZ 

SESSZET 6 inCOmpat, ' b,e with -alerlals such as hydroxye,h7me^. a Te 

While the Asclosed lenses have .ncreased oxygen permeability, they are rigid euiacryiate. 
mi vh U i «M 3 !' 250 I £fiSC,0 f e i f h y draae| s °' a copolymer of about 20 to about 90 % of a hydrophilic tor 
mixture of hydroon.te and hydrophobic, monomer and about 10 to about 80 % of a polyoleSc si toxane 
macromer wh.ch can be used to fabricate a contact lens. Typical.y. such materials are Sit ^ Lss^a 
degree of swellmg of about 10 to about 12 %. It has been found, however, that the preSc '£ZZ££ 
amounts of water therein limits the oxygen permeability of such materials P res ence ot substantial 

U.S. 4.153.641 relates in relevant part, to contact lenses fabricated from a polymer of a oolvor- 
ganos,loxane termmated with vinylic groups, or copolymers thereof wilt, other monomere Se exem^l „ed 
products therein are hydrophobic in nature. "lunomers. i ne exemplified 

two v, : L^ D T a 2 a ?nS C ^T m * ° f abOUt 8 10 70 % °' 3 macromer containing at least 

SrmS Sfh ^ 3 m ° n0mer WhiCh iS 81 ,eaSt P^ominantly water insoluble to mate 

polymers useful, for example, as contact lenses. 

Generally, such prior art contact lens compositions are either insufficiently hydroohilic in terms «f 
surface wettabil»y to be acceptable to the contact lens profession, even though Zy Tal ZsTlial 
oxygen permeaW.ty. or such contact lenses are of acceptable wettability but the ttf£Su£7Z& 
with water swellabH.ty. which tends to limit optimum oxygen permeability opnn.cty is coupled 

«, V* "S? 1 . 0 *^ pr8Sent invention to ovefC ° m e «"ese and other disadvantages of the art bv 
providing ophthalm,c devices, such as contact lenses and corneal implants possessino. a htah d^I „r 
» surface wettability and possessing a high degree of oxygen permeabCnoS?^ 

by employing a crosslmked block polymer containing polysiloxane and polyalkylene oxide units " 
A further object of the invention is to provide a method of correcting visual defects in the form of 
refractive errors by fitting to the patient's eye in need of the same a correcdve conta^ lens oHuch 

ST™^ °' *Z inVent L° n iS *° Pr ° VidB n ° ve ' macrome ' s for accomplishing the above objects. 
0 h,i tZ e L ? °" ,S d,reCted 10 macromers - P<="y^ers derived therefrom, ophthalmic devices 
obtamed from such polymers as well as methods of manufacturing each of the foregoing. Each above 
invention matenals comprises segments "Seg- of the formula 
is (Ri-Sil-MDh-Ric-SilMDh-R.s-A-lL-R.c-AJn,} (|) 

V d i Va,9nl P0,y(diSubs, ! tuted sil °*™>- A is a divalent polyoxyalky.ene oxide (which may be 
substituted) R-s is oxygen or an amino nitrogen. R, 4 is a bond, an amino nitrogen, or when the adiacem 

™ m jszz o toTo." may a,so be oxy9en - l is a ™* ^- " * «"5E 

W im^^lT^^ t0 T' macromers - P 0 *™* ^"ricated therefrom, ophthalmic devices 
prepared from the polymers (especially contact lenses and intraocular lenses), as well as methods of 
manufacture of each. The ophthalmic devices ultimately fabricated are optically c Z*Z2E£>*! 

in tneir environment of use have a water content of at least 10%. 
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i a ^ m , acr0 , mer is 3 reactive monomer having a segment "Seg* of the formula 
{ R. 4-SiK(L) h -R, t-SilMUh-Rt s-A-{L-R, 5 -AJ m > (I) 
more preferably a segment "Grp" of the formula 

{R.3-A-(L.R. $ -A} w -(L) (> ) 3 -(Seg-(L) h )p-Seg-((L) h -Ru'Sil-{(L) h -R,4-Sil] B h- (in 
s and most preferably the monomer is of the formula 
Cap-Grp-Cap (III) 

a^ero IX' ** ™ ^ fl * ^ "°«>' * n " 8 •*«»• variable); 

o is zero or 1; 
10 a plus e is 1; 

hlM. but may also be zero when the atom of Sil. to which it would otherwise be attached, is a carbon 

n is zero to 3; 

m is zero to 10, preferably zero to 3; 
'5 p is zero to 7; * 

each Sil is independently of the formula 

-#RA-(Si-0) y -Si-(R 5 ) r R l4 -}- ^ 

R4 R4 



2S 



in which R z and R 5 are each independently branched Ca-ralkvlene M rhA rtw i ^ n~ . 

30 each b and f is independently 0 or 1; 

each R, and R, is independently selected from C, -„alkyl and aryl of up to 12 carbon atoms- and 
eachy is independently 1-200; caroon atoms, and 

eajh L is independently selected from -L, R S L 2 - wherein L. and l 2 are each independent* 

35 - C -O or 
O 

W^^^ " am,n ° ^ reSp6CtiVe,y fS ^ <° *' - ^^,y Li and L 2 

? 

40 - C - or a bond, and each R 5 is independently selected from 

i) a divalent aliphatic group of up to 25 carbon atoms; 

ii) a group of the formula 

X'""^^ 7 « «y« « «P 25 a,.a, s) . a », H c.. 1 , a .iBh.»c,- 



so 



55 



Qi S -0.. -C-0, -ol. .1,-k-l, -LI, -oLl, M-lo-, -O-L 

f ' ? f' 

or .N—C— N- ; and D is 1 to 3; 



each A is independently of the formula 
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-C~(C) r -C-0- 
R 7 Rg R? 



R 7 R 8 



-C-<C) r -C-R I3 - 

R 7 R 8 R? 



(V) 



to 



IS 
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wherein each r is 0-4: 

t is 3-200. in which preferably at least 30 %. more preferably at least 50 %. still more preferably at least 75 
most preferably 100 %, of the A groups of formula V within any one macromer of formulae Mil are 
limited to having homopolymeric sub-blocks of not more than 15 repealing units, preferably not more than 
10 repeating units, more preferably not more than 7 repeating units, most preferably not more than 4 
repeating units: each R 7 is independently selected from groups i) and iii) below and each R« is 
independently selected from groups i)-iv) below: 

i) hydrogen, halogen, unsubstituted C.- c alkyl. substituted C-jalkyl, unsubstituted C 2 -*$alkenyl. 
and substituted C 2 -., alkenyl. wherein a) the substituents on the alkyl and alkenyl groups in i) are 
independently selected from fluoro. C.-.«alkoxy, C 2 -. fi -aIkanoyloxy, C- -.«alkoxy-C(OK C 2 -. 5 alkenyloxy- 
C(O)-. C 3 -.*alkenoyloxy, aryl of up to 10 carbon atoms, aryloxy of up to 10 carbon atoms, aroyl of up to 1 1 
carbon atoms, aroyloxy of up to 11 carbon atoms, aryl (of up to 10 carbon atomshoxycarbonyl. Ca-scyc- 
loalkyl. C 3 -scycloaikoxy. (Ca-acycloalkyD-carbonyloxy. (C 3 - 8 cycloalkoxy)carbonyl, oxacycloalkyl of up to 7 
carbon atoms, oxacycloalkoxy of up to 7 carbon atoms, oxacycloalkoxy (of up to 7 carbon atoms)-carbonyl 
and oxacycloalkyl (of up to 7 carbon atomsKarbonyloxy; and b) each alkyl and alkenyl group in a) being 
unsubstituted or further substituted by fluoro. C,-«alkyl. or C,-«alkoxy provided that said last mentioned 
alkoxy is not bound to a carbon already singly bound to another oxygen atom: and 

ii) Ci-tealkoxy. C 2 -.«alkanoyloxy, C.- 6 alkoxy-C(0)-. fc-. s alkenyloxy-C(0>- and C 3 -.«alkenoyloxy 
each of which may be further substituted by fluoro. aryl of up to 10 carbon atoms, or C-salkoxy provided 
that the last mentioned alkoxy is not bound to a carbon atom which is singly bound to another oxygen: 

(iii) aryl of up to 10 carbon atoms, C 3 -e cycloalkyl. and oxacycloalkyl of up to 7 carbon atoms' each 
of which is unsubstituted or substituted by a substituent selected from those indicated in i)a) and b) above- 

iv) aryloxy of up to 10 carbon atoms, cycloaikoxy of up to 8 carbons, cycloalkyl (of up to 8 carbons)- 
C(0)O. cycloaikoxy (of up to 8 carbons)-carbonyl. aroyloxy of up to 11 carbons, oxacycloalkoxy of up to 7 
carbons, oxacycloalkenyloxy of up to 7 carbons, oxacycloalkoxy (of up to 7 carbon atomshcarbonyl 
oxacycloalkyl (of up to 7 carbon atoms)-carbonyloxy. aryloxy of up to 11 carbon atoms, and aroyloxy of up 
to 11 carbon atoms, each of which is unsubstituted or substituted by fluoro. Chalky I, or C.-c alkoxy 
provided said last mentioned alkoxy is not bound to a carbon atom which is singly bound to another 
oxygen; and 2 adjacent groups R 7 and R 8 . together with the atoms to which they are attached may define a 
5-8 membered cycloalkyl. cycloalkenyl. or oxacycloalkyl ring or a 6-14 membered bicyclo-nng. 

Each Cap is independently selected from 
i) a vinyl containing group of the formula 
R* s (U) Z (R« ) W (A- ML 3 ) K [ J(R 9 ) M (L 5 ) G (R<s hiUhK (VI) 
or ii) a group of the formula 

R- 7(UWFU)w(Ai MU)xCJ(R3)M(L 3 )c(ReMU>T}2 (VII) 
at least one Cap per macromer being of formula VI; wherein 
R-s is of the formula 



SO 



MO 



42 



R 



c=c- 



(vin) 
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is independently hydrogen. C.-yalkyl. or 



in which R« 2 is hydrogen or d -/alkyl and each of Rt 0 and Ri 
-COOR: 3 with Ri3 being hydrogen or C»-4alkyl; 
w. x and z are each independently zero or one but if w Is zero, one of x and z must be zero; 



4 
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L 3 is -C- , -0-C- , -N— C- 

ct^l". 25! h3nd P °'!? n t0 G ' P Pr0vided thal th0 Grp atom 10 which La Is attached Is not a 

Z£$ " ° mtro " n ° f 3 C- *°" y 0X7990 3nd * iS ^ °' - NR " — " G^ a.o m n ?s a 

L 4 is -C-, -0-C-. -C-0-. -M-O. -e-N-, -0-C-0-. -N-C-N- or -iLcNO- 



/5 



when w is one, and selected from the same group as b when w is zero; 

Aj is ^C—(C)r-C'0^ 7 ; 



20 



\ t 1 1 

R7 Rg R 7 



L 3 is -C(0)NH- with the carbonyl attached to R« or J: 
U is -C<0)NH- with the nitrogen attached to R 6 or R 9 * 
25 J is -O or -NH-; 

G. Y. m. T. V. and Z are independently 0 or 1. but if Y is zero, then G is zero and M is one; and 



30 



35 



f 7 R 8 R 7 
R 9 is -fC— (Qp-C-O-Jr., ; 



1 T' 1 

R7 R 8 R? 



40 



45 



atta rh5 NH2 ' 0H k' " N , Ca * NCS ' - C <°)- ha, °S«" COOR 12 when the non-R. 7 atom to which it is 
^lir " SatUra,ed Cafb0n W 1,16 n ° n - R ' r at0m to Whfch " * attached is a calbo; Sch is 

an oxy^ o^tT^ " — - — — * » ii attache, is 

2 H n^ 2 ' ^ ~* n ° n * R ' 7 at0m 10 Which ,-t is attached is a carboxy oxygen: 
d) -C(0)-R.,. .C(OK)R. a . -C(0)N(R,)R, 2 and R„ when the non-R, 7 atom to which it is attached is 
an ammo nifrogen. or R. a when the non-R, 7 atom to which it is attached is an amldo nTZen 

^ZSJ^X*^* m * " ~"« - — -o e :-,o which it ,s 

f) H. OH. haiogen. -0R, 2 when the non-R„ atom to which it is attached is silicon 

^n!'^ J m ! Cr ° merS and e ' 9 - P olvmers **** are disclosed in European Patent Apolicatlons 330 sir 
330,617 and 330,618. However, the residues R, and R s of Sil (formula IV) of the «££S « ^ ' 
different from the corresponding residues in the above mentioned apXtUs P ° 1 ' nVen,,0n 

M The macromers of formulae I. II and III or mixtures thereof are polymerized into polymers which mav h„ 
shaped into ophthalmic devices such as Intraocular implants and contact lenses or u 2^,^!. y . 
releasing materials, especially release rate centreing membranes or ml« s in "anslem^ JE - ? 
devices or as tablet reiease matrices in various ap P L*ons. The i^JSS^£l^Z 

,he * 

described for ex*np,e in J.O. Androde et al. Surface and InteLaTSs 7SSZ&£^ 7 



s 



t 
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SlT^r" 567 ?S PhySte Ptem "" B,eS5 ' ,985 ' " te,el " a I"*"" h to tan, of a plate of 



. s^^Kr* ——«—■— * »*. . ~ ££££ 

^Ric-SiKL^Ris-A^ (la) 

and Grp,. a most highly preferred embodiment of Grp. of the formula 
<Ri s-A-JLMa-Segi -«L) h -R, *-Sil ^ (lla). 

Si's r,r ssns: ra^r^^rr 

R.» is preferably a bond or -O-. more preferably -0-. 
Ri is preferably methyl or hydrogen, more preferably hydrogen 

Ris is preferably -O- or -NH-. more preferably -O-. 
Each h is independently preferably 1. most preferably each h is one 
p is preferably 0 to 5. still more preferably 0 to 3. most preferably 0 or 1 

As stated above, the linking group L is L, RgU wherein L, and l* are independently -COO- or -C/rnMu 
On which the oxygen or amido nitrogen is bound to Rs) or -C(0)- or a bZTreZwv^? S 
independenuy -C00-. -C ( 0,NH, or -C<0>, more preferably or ^t^lS^^K 

In a most highly preferred embodiment, all of the L, groups are the same and all of ih» . 

Si -/TZ "ft ""^ L - L^aTe rsamTgC . ' ^ " 

Each R* is preferably Independently selected from 
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Most preferably, the * aliphatic groups are not interrupted by Q. and preferably are unsubstituted Also 
most preferably, the * cycloaliphatic groups are substituted by m substituents preSTa'sS 
smuents which substituents are preferabiy seiected from halogen (pretty to^ tXrol Z 
C-.alkyl (preferably methyl, ethyl, propyl or isopropyl. most preferably methyl,. In a most highly ZerSd 
5 embedment each of the substituents is (he same. Preferably, one of j and jl is zero when the ^0^0 
contains a cycloaiiphatic. The most highly preferred cycloaliphatic containing fc Vj^iJlISS 
eyclohexylj-methyl (the residue of isophorone diisocyanate absent the two isocyanate groujs) 

Preferably, the R { aryl groups are unsubstituted or substituted by 1-4 substituents preferably unsub- 
stated or substituted by 1 or 2 substituents. more preferably unsubstituted or subsSed b7 substituem 

?f M bS J tU9n, !r e Pre,erab ' y S9,9Cted ,rom ha, °9 en <P« ferab »y ««°™e>. hydroxy. Z tlSS more 
preferably C-.alkyl (preferably methyl, ethyl, propyl, or isopropyl. more preferaWy mMiyft VvX more 
Jan one substituent is present per ary.. the substituents on any one aryl °s preferably the same A most 
highly preferred aryl embodiment of Rs is toluenediyl. 

A preferred subclass of Rs includes: ethane- 1.2-diyl; propane- 1.2-diyl; propane- 1 ,3-diyl* tetramethvlene- 
,s d,y: hexane-,.6-diy. : cyc.ohexane-1.2-diy.: cyc.ohexane-1.3-diy. : , .^henytene b7s(4 ZvSelZ 
methane: b IS (4.yl-c y clohexen y l,methane : bis(4-y.-pheny.)methane: toluenediyl; toluenSS m^J 
p-teframethylene-d.yl; toluene- 1.2-diyl; to.uene-1 .4-diyl: 3.3'-dichloro-4.4'-di y i-biphenyl- nap^^atene-l sJCf 
d-hydro-toluene-diyl; tetrahydrotoluene-diyl; (5-yM .3.3-Wmethy.cyc^ 
» Sf " "■ 4 *^ e ^hexane-1.6-diy. and 2.4.4-Wmethy.hexane-1.6i; yl , : L^fuZa^'^ t 
20 carboxypentane-1.5-diyl; naphthalene- 1. 2-. 1.3-. 1.6-. 17- 18- 2 7 anri 1 JL..*, . u«l . 

and -2.7-diyi; methy,cy Cto hexane-,^iy, ; SStSSST^ 
SpCSST^ 4 ^ 2 2 ^^^^'-4.4 - and 3. 3 '-diy. : bis (4-y,pheV,hane^d bfs',4- 

2s 3 2^JZ2T^ °*? 9r °. UPS ^ ° , .' 0rrnu,a V and are h °mo or copolymer* blocks having a total of 
r^iLt?™ f U " 5 T add ' ti0nal terrnina,i "9 alkylene oxide or amine. However, no horn" 
polymenc sunblock ,s ,n excess of 100 repeating units. Preferably, no individual A has a subblock in excTs^ 

Inh ^ 9 ,7, •• ™ S POrt '° n °' *• a ' ky,ene OXide chain in ^ rnacromer bSb^TTa 

^ ' S Z8r0) 10 6 (f 18 4> Carb00 at ° mS WWCh may bB or substiSe^L so" 

J ° „ , Pre K , f r ^V ,e H Umber ° f a ' ky,ene ° xWe "** po - » is 3 - 150 - mom preferably 4-100 still more 
preferably 5-75 st.ll even more preferably 6-70. Within this group are two highly oreleneTsubeZ 
bod.ments. a, those with t of 25-70. preferably 50*8. most preferably 60-66 and b) Lse w3h , of 
preferably at least 9. more preferably at least 10. stil. more preferably 13-35. even Loll prefab. ,f™ 
most preferably 20-25. especially about 22. preferably 15-30. 

w Also highly preferable are two embodiments wherein at least 30 % of the A groups within the 

r?"S 1 °T" ae ''"! C ° nSiS , t ° f 32 % " d 35 % ' ~«~*-*. °' P0lye«hy.ene glycTa^ % and 
65 % respectively of polypropylene glycol, the polyethylene glycol blocks being of no morV than 3 
repeating units each and the polypropylene glycol blocks being of no more than 7 repeating un«s eac? 

S JT l ! S 9 Y Pre,erab ' e lhat 6aCh A 68 ° f ,he Same struc,ore ^hout the^aSmr^'is no 
ToT/f f K,TnT ent Preferab,V at e,aS * 20 % - more P***** 25 % *'» "-ore preSy M % y* 
more preferably 50 %. even more preferably 75 % and most preferably at least 90 % o?Se A orouos 
within any one macromer are the same. groups 
Within each A group, there are two highly preferred subembodiments: 
a, homopolymeric A units. 

b) 1 copolymers A units of the 'EXE' type with the 'X portion having approximately twice the numbar 
of repeating units as either (i.e. a poloxamer or reverse poloxamer like grouping) 

typeTe^ " ^ pre,erred " 0lher *«wmt of alkylene oxide copolymeric 

Substituents on the alkylene oxide backbone portion (i.e. R 7 and Rs) are preferably selected from fho« 
set forth above. Preferably, each alky, group within R, or R, whether alone 0 Vs ? £j oT*Zl?Z\ 

"no 'cannot^ STJ IT T*!' T* ethy '' ""^ ° f "> rovided *^i^S5^5TS 
a nng cannot each be t-butyl). most preferably methyl. Preferably, each alkenyl within R or P* whether 

aione or as part of a larger group has 2-4 carbons, and is more preferably C2 -3 alkenyl An R? 0 7r u 

preferably phenyl or naphthy.. most preferably phenyl. Cyc.oaiky'l groups'wSir t Rj p^erS.y? ve 

5-6 nng members, most preferably 6 ring members. Oxacycloaikyl groups within R, or *£p£%^ 

ZZZTo^r pre,erab,y 8 members - each havin9 on,y a sin « ,e h ^ at - !»T!?S«! 

While the entire A unit may have a substantial fluorine substituent content, it is preferably at least 25 % 
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halogen free, more preferably at least 30 % halogen free, still more preferably at least 40 % halogen free, 
yet more preferably at least 60 % halogen free, and most preferably substantially halogen free. 

Preferably R 7 is hydrogen, C< -/alkyl more preferably C.-*aJkyl, more preferably methyl; substituted 
C- -4 alky l. most preferably substituted methyl; phenyl, substituted phenyl, benzyl, substituted benzyl 
cyclohexyl, or C*-soxacycloalkyl. preferably Cs-oxacycloalkyl; each of the "substituents* preferably being 
C^alkoxy (more preferably C v -*aJkoxy). fluorine, or when substituted on a group other than alkyl, 
C--« alkyl; the most preferable substituents being methoxy. fluorine, and when substituted on other than 
alkyl. methyl. Substituents on aryls within R 7 are preferably in the p-position. Ra is preferably selected from 
the same group as R 7 and C,-*aJkoxy, phenoxy. and Cccycloalkoxy, more preferably the same group as 
R7. 

At least one Cap per macromer is independently of formulae VI or VII, but preferably the macromers 
have both Cap groups of formula VI. Most preferably, within each macromer the Cap groups are the same. 

Preferably, the Cap groups are of formula VI in which R.« is preferably a vinyl group of formula VIII in 
which R- is hydrogen. R 0 is hydrogen. C,-*aIkyl (preferably methyl), or -COOR. 3t with Ri 3 being 
hydrogen or methyl. More preferably the formula VI Cap groups have an R u which is a vinyl of formula VIII 
in which Ri 3 and R« • are each hydrogen and R:2 is hydrogen or methyl. 

Preferred Cap groups, whether of formula VI or VII are those wherein 

a) Z, w. x. z and V are all zero; 

b) 2. w, V. and x are all zero, z is one. and U is -QOK -C<0)NH.. or -C(0)0-. most preferably -C<0)- 
O. or -C(p>- with the carbonyl in each case attached to Ri« or R17; 

c) Z. z and V are all zero, w and x are each one, R fi is of formula IX wherein j, k. jl and kt are each 
zero, and D is one. and the aryl thereof is phenyl; and L 3 is -NHC(O)- with the nitrogen thereof attached to 
Re; 

d) Z. w and x are zero, and V is one. A- is -CH 2 CH 2 0- with the carbon thereof attached to U U is 
-C(0)0- with the carbonyl thereof attached to R» K or H 7 ; 

e) Z. V and x are zero, z and w are one, U is -C(0)0- with the carbonyl attached to Ri 5 or R, 7 . and 
R 6 being afkytene or hydroxy substituted alkylene of from 2-15 carbon atoms; and 

0 those groups of a) to e) above except that Z is one and wherein 

i) M and T are one. G and Y are zero. R, is Ca-^alkylene or Ca-shydroxy substituted alkylene 
and U is -NHC(O)- with the nitrogen attached to R«; 

ii) M, G. Y and T are all one, R 3 is C2-< 3 aikyIene or (^shydroxy substituted alkylene L s is 
-NHC(0)O- with the oxygen bound to R 9 . R 6 is as defined above, preferably a divalent aliphatic or 
cycloaliphatic or arylene group and U is -NHC(0>* with the nitrogen attached to FU; 

iii) M is zero. G. Y and T are all one and L5R5U is -C{0)NH-R«-NHC(0)-. 

Even more highly preferred macromers of formulae Mil are those within formula la and I la having each 
Cap independently selected from formulae VI and VII in which Z is zero to result in Cap. of the formulae 
R's(U) 2 (R 6 UA.ML3 V (Via) 
and 

R- /(U MRsMA, MU >7 (Vila) 
and macromers of the formula 
Capi-Grp.-Cap. (Ilia). 

Very highly preferred macromers of formula Ilia have R. fi in formula Via selected from those of formula 
VIII wherein each of R, 0 -R«* is independently hydrogen or methyl. Also preferred within this very highly 
preferred group are those wherein V is zero. 

Highly preferred vinyl containing Cap groups terminating the macromer are acryl, methacryl. and styryl 
groups bound directly to or through an ethyloxy or oxyethyloxy to the balance of Cap or to the non-Cap 
portion of the macromer. 

Specifically preferred embodiments of the present invention within formulae lla and III include those 
wherein 

CH 3 CH 3 CH 3 CH 3 

Silis -CHCHzCHz-f-Si-O^-Si-CHjCHzCH-O- ; 

CH 3 CH 3 



a is one; 
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e is zero; 

Rit and Rts are each -O* 



Lis 



10 



15 



20 



h is one; 

A is (CHaCHaO),; and 
p is zero; 
m is zero; 



O 
ti 

-CNHCH 



HNC- 
ll 
O 



? ? 

Cap is -CNHCH 2 CH 2 OCC=CH 2 



25 Further preferred is a macromer of the formula 
Cap-Sii-L-O-A-L-Sil-Cap 



30 



^H 3 CH 3 
wherein Sil is -CH 2 CH 2 -fSi-0 )y— |i-CH 2 CH r 



CH 3 CH 3 

as wherein y is 1 to 200. (especially y of about 4. 7. and about 16); 



to 




4S 



50 



with the phenyl ring thereof bound to Sil. 
m is zero to 3; 
A is -(CHaCHfcO),- . 



CH, 
I 3 
-(CH 2 CH-0) t - 



55 
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In the foregoing, alt alkyl groups whether mentioned alone or as part of another group are preferably 
C-Ci alkyl. such as methyl, ethyl, propyl and butyl, especially t-butyl. with the exception that adjacent 
groups on aryl rings cannot each be t-butyl. These alkyl groups may be straight chain or branched chain. 
When the alkyl is a substituent on a phenyl ring, it is preferably attached at the para position. Preferably 
alkenyl groups, whether alone or as part of another group, are C 2 -C* alkenyl. such as ethenyl. propenyl and 
butenyl. Preferred aryl groups (whether alone or as part of another group) are phenyl and naphthyl. more 
preferably phenyl. Preferably the aryl groups are still further substituted by C.-C4 alkyl, more preferably t- 
butyl. most preferably in the para position. Halogen may be chloro. bromo. iodo or fluoro. 

Color may be added to the polymerized material or to the macromers via typical dying techniques. One 
such manner is by insuring hydroxy groups are introduced onto the macromer backbone or substituent 
thereof. 

Typical color groups useful in these embodiments include, but are not limited to. the hydroxy-reactive 
dyes known in the art under the tradename Remazol. manufactured by American Hoechst. Examples qf the 
Remazol dyes which are especially useful are: 



Oye 


Color Index Code 


Remazol Brill Blue RW 
Remazol Yellow GR 
Remazol 8lack B 
Remazol Golden Orange 3GA 
Remazol Turquoise P 


Reactive Blue 19 
Reactive Yellow 15 
Reactive Black 5 
Reactive Orange 78 
Reactive Blue 21 



all of which have at least one group of the formula 
-S0 2 -CH 2 CH 2 0-S0 3 e 

which reacts with the polymer or monomer hydroxy group to yield a 
j S dye-S02-CH 2 -CH 2 -0-polymer or 



dyc-S0 2 -CH-0-polymer 



group, preferably the former. In such a manner, both excess free hydroxy groups are disposed of and 
colored contact lenses can be realized simultaneously. 

If the polymerized macromers set forth above have inherently too low a water content. i.e. below 10 % 
water content the polymer is not within this invention. However, the macromers can be copolymerized with 
a hydrophilic modifier so as to increase the water content to be within the instant Invention. Whether the 
hydrophilic modifier is needed or not. and the amount which is needed. Is dependent upon the desired 
polymer water content. Preferably, when the hydrophilic modifier is present, in accordance with the above, it 
is present in an amount of up to about 50 % by weight preferably about 1 % to about 30 %. more 
preferably about 5 % to about 25 %. still more preferably about 10 % to about 15 % of the resultant 
polymer. 

In addition to the hydrophilic modifier, other comonomers which may be present in the polymer are 
monomers coreactrve with the monomer of formula I. Such additional monomers may be present in a minor 
amount of up to about 20 % by weight of the resultant polymer. When such comonomers are excessively 
hydrophobic, additional hydrophilic modifier may be incorporated so as to achieve the appropriate water 
content 

The hydrophilic modifier is a monomer which is coreactive with a monomer of formula I and Is typically 
selected from 

aa) polyethylene glycols of the formula 



10 
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O 
ll 

R.j- C-O-(CH 2 CH 2 0) nl R,, (A) 



or 



ab) pyrrolidones of the formula 
O 




Rig — N 

'« 8 (B) 

wherein R„ is hydrogen or C.-C, alkyl. preferably C.-C. alky.. "1 is an integer of from 1 - 25. 

ts ac) a compound of the formula 

(R 2 o-div) lu Hy (C) 

amides, vii) ethers, viii) acid halides R, 0 is selected fmm «Tl • eS> ' V> **** v) es,ers - vi > 

tormina* rig. an M^Z, „ Sin^Tnl!? i- " *• <*»> P»«oo and 

be) -MB-CH-(CH 2 ^HF-Ohn-CH— CH-CCH,^- (D) 

^ wherein na is an integer of 8-100; and 

bea) Ra is hydrogen. Rb is methyl, and nb is zero- or 

beb) Ra is methyl. Rb is hydrogen, and nb is zero; or 

where nz ^dSf J?vSl2^ SIS ? ™ ^ °' 1 u » to *• val "™ °< and 
45 and Hy is a hydfS^ ^ * Hy ~ take " w «» ^rogens; 

diamid^St S^g mT =~J ^ ~— - ™ cycfic N.N- 



20 



25 



30 



o 



50 



55 



{ ,"- (E) or -N N 



having 6 - 7 ring members wherein nc and nd are selected hnm n ^ ,- 
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cb) tetrahydrofurfuryl; 

cc) mono-, di-. and polysaccharide radicals, whether straight chain or cyclic, their corresponding 
sugar alcohol radicals, pentaerythritol radicals, and polyvinyl alcohol radicals; 

and 

5 cd) polyhydroxy C z -C 7 alkyl radicals; and said reactive group R„ is capable of reacting with one or 

more sites in said formula III. 

Preferably the hydrophilic modifier has R 20 selected from 

>o | ° 

ia) H 2 C=C- 

and the terminus of div to which it is bound is -C(0)R 2S . the carbonyl being bound to R, 8 . where R 2S is 
f5 hydrogen or methyl and R 2S is -0-. or -NR 27 - with Rj 7 being hydrogen or lower alkyl: 
ib) H 2 C = CH- and the terminus of div to which it is bound is 

the left hand bond being bound to R*,. wherein R„ is -0-. -NR 2; -. -C(Oh -C{0)NR 27 - or -C(0)0- ; and 

ic) H 2 OC- 

M and the terminus of div to which it is bound is -C(0)R„-. the carbonyl being bound to R 20 wherein R 30 is 
lower alkylene or -[CH 2 CH(loweraJkyl)-OJ,-s- and R 29 is hydrogen, lower alkyl. or cyano: and has Hy 
selected from 7 

ce) morpholino which is unsubstituted or mono- up to tetra-substituted by lower alkyl preferably 
methyl or ethyl; 1 

35 

CO ~N N- 

\ 1 

O 

wherein ne is one. two. or three, preferably 1. each of which is unsubstituted or substituted, preferably 
mono- or disubstituted. by lower alkyl. preferably methyl or ethyl: 

O 

X 

eg) < CH *>, 
0 

S5 where nf is 2 or 3. preferably 2. 

each of which is unsubstituted or substituted by lower alkyl, preferably methyl or ethyl- 
ch) a divalent group of the formula 



40 



45 



SO V S y <'nf 



12 
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10 



— N 



— N 





^31 



'31 



N — 




K 



15 



, or — N 



) l 

H 

i i 



'31 



N — 



20 wherein Rj\ is hydrogen or carboxy; 




(CH 2 ) 



ng 



30 



35 



where ng is one or two, 

each of which is unsubstituted or substituted by lower alkyl, preferably methyl or ethyl; 



ck) 



-o 



(CH 2 -) OH ; 

o-s 



40 



so 



cl) a polyol selected from polyvinyl alcohol radicals. 



-O-CHrKCH^CHzCM- (H) xb 



wherein xa is 2 - 10. preferably 3 - 4. and xb is an integer from zero, preferably at least 0.5 times xa up to 
xa + 1 inclusive, the cyclic saccharide analogs thereof, the dl-tetra saccharides thereof, preferably having 
saccharide-saccharide links between the 1 and 4 carbon positions thereof, preferably ^-linkages C(CH 2 0)*- 
(H) xc wherein xc is 0 - 3. and polyhydroxy lower alkylene glycol radicals wherein up to 50 % preferably up 
to 25 %. more preferably up to 10 %. of the hydroxy groups are missing their alcoholic hydrogens 
Most preferably the hydrophilic modifier of formula (C) is selected from 



ss 



13 
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aca) H 2 C=C C-0-CH 2 CH 2 NHCOCH 2 CH 2 N 




to 



CH 3 CJ <p O ° 

acb) H 2 C=C C-OCH 2 CH 2 OCNH— ^ NHCOCH 2 CH 2 N^J 



CH 



3 



rs 



20 



25 



30 



acc) [H 2 C=C C-OCHiCHiNHCF-pj-^ 

r 

wherein R 32 is -[OCHjCCH^CHjOl-ffl)^ 

acd) [H 2 C=C C-O-CHiCHjNHO+ya— R 33 

wherein R 3J is CXCHjOMH)*.* and yd is 1 • 4. preferably 1 - 2- 

acf) H 2 C=C C-O-CH 2 CH 2 NHC0CH 2 CH 2 N 

f 0 rmu^TH! y ' ""I 6 " ^ V , Vinyl ^ ntaini " 9 9r ° Up ° r ° ne or more of *° aforementioned R groups within 
£Z£l o! a Jr" e,hy,en,ca,,y «»»»"■» group, then the macromer can be crossLed in !,e 
presence of a vinyfic group containing hydrophilic modifier and/or vinylic group containing crossRnldno 
agents The instan, macromer can be crossiinked in the presence or absent of up H^l^SJa 
% preferably up to about 30 %. most preferably up to about 10 % by weig ht of vin^XJEIS 
hydrophilic modifiers and/or other vinylic comonomers. 'nyncaiiy unsaturated 

When Cap does not have a vinylic group, but takes part in crosslinking. Cap is of formula VII 
Crossing . then typ.cal.y carried out by condensation with a tri- or po.yfunc.Iona. coreac ve Zome " 

OCN "SON SS Erf '1 ° H ^ 6n *• MV6 mO " 0mer funCtlonal *»» can brSoOH.' 

"T" e,C - : When C3P tem,inates in or - NH < alk y'>- »a reactive comonome 
fcnctiona. group can be a conventional acyl leaving group; and when Cap terminates in OCN- or sS! then 

ZZn T f 3m0n ° me l "V" 9r ° UP C3n b8 ° H - Simi,ar, y- 1,19 othe < ^active functional g ;oups 
mentioned ,n terms of either Cap or the coreacUve monomer can be interchanged 

Suitable vinylic monomers and coreactive monomers for condensation are set forth below However the 

£S XTTJSSr skl " " wa, ° - Md ' Js • - 




«5 



50 
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However, the degree of crosslinking in the finished crosstinked polymer should not exceed 20 % 
%SZ£& J-a r a,er tha " 10 % ' m ° fe Pfeferably ^ 9rea,9f **" 5 % ' Sti " m ° re pre,9rably M % ' most ' 

e ,k,. A 1' 9hly Pf ! ferr ! d embodimenl within me Polymers fabricated from macromers of formula I. requires 
s that not more than 20-70 V preferably not more than 50 % of the A groups are polyethylene alvcol In 
another highly preferred group A is homopolymeric polyethylene oxide or polypropylene oxide 

The number of A units and the chain length and nature of the substituents on the poiyoxyethvlene 

general, the polymer should be sufficiently hydrophilic in its surface properties such that the polymer 

T^VFT a o n c Q i 9 ^ diS,i " ed Wa,Br * 2 °' C °' ,ess 60 Preferably 
preferably less than 25 . still more preferably less than 15* . most preferably less than to' 

The greater the number of siloxane units, the greater the number of oxyalkylene units is Generally 
required to reduce the contact angle to within the above limits. " generally 
As water is taken up. the oxygen permeability of the polymers tends to be reduced. However with the 
» water content and swellability increased due to hydrophilic modifier the drop in 5 over TIow water 
content analogs ,s surprisingly less drastic than would otherwise be expected. Advantageously the instant 
polymers absorb at least 10 % by weight water, preferably ,5 - 90 % by weight, more pSE&S-^fS 
by weight. sb i| more preferably 25 - 75 % by weigth. most preferably 35 . 55 % by weight water 

,„ . I i 9h,y ie p . refe, ' red ™ moS9 PO'ymers which exhibit a contact angle of less than 25 ' . more preferably 
20 less than 15 and most preferably less than 10 . preierawy 

won?!! reactive r iny,ic "^mers of the invention can characteristically be polymerized to form Crosslin- 
ked polymers under conventional polymerization conditions. crossim 

Hon 'L^'n'H^M 0 " 16 , reaCti !T T iXtUr9 may COntain a cata,ytic amount of a conventional polymeriza- 
3S ^^JZlVy 3 66 rad ' ca ' cata,ysf - 0f P^ular interest are conventional peroxide and io 

ZKSJEl? e ' yl pe^oxicte • ,ert * buty ' peroctoa,e - benzoy ' peroxide or 

tnr J? Sr! r iZati ° n w C3n " nera " v oe carried out a « temperatures between about 20* and about 150* C 
for a penod between about 1 and about 24 hours. It is understood that the time and temperate In such a 

» ST! T S6,y re,a,ed - ThUS * ,em P eratures ""I*** « the upper end of the tempore ange wifl 

r reaCt, ° n " meS " ear tt,e ,ower end of ,he Preferably, the polymerSon 

conducted in the presence of actinic radiation, such as UV light P° iy merizauon is 

,. 1 rh° e T,! ,n ? T" °!° K 3tUre °' 1,19 P °' ymer miXtUre ' " may 08 desirab,e ** Polymers obtained from 

TcS^tS'c. P ° St CUr8d ' "* 31 3 S ° m8What ^ temperature such as b9twee " ab ^ 



35 



For the preparation of contact lenses, the polymer mixture may be cast directly in the shape of the tens 

Z mr er,2a /'° n may , b9 Carri8d ° Ut in 3 m °' d havi " 9 a conveni en« 'or further processing such 
as in the shape of small cylinders or "buttons", which can then be machined messing. 5 ucn 

a h rt ?r«T,° UntS . i e - ' eSS tha " 50 % ' P referab| y "P to 30 %. and most preferably up to no more than 
about 10 % by weight, of conventional copolymerizable vinyl monomers other than hydroplTc 3«e* 
« can be employed as extenders or the like, in the preparation of the instant po./mTas «J£££ 

SSSrSn^TT" J 8 t0ta, ,, hydro P hi,ic modifie ' ■» -thin ft. foregoing Its Z ggZ 

modifiers can also be used as such extenders. Suitable vinyl monomers include- 
acrylates and methacrylates of the general formula 



45 



H 2 C=C-COOR 3S 



50 ^!k R34 t l Vdr09en ° f methyl a " d Ras iS 3 strai 9 hl chain or bra "C h ed aliphatic, cycloaliphatic or 
a omabc group having up to 20 carbon atoms which is unsubstituted or substituted by one or more aLy 

SSEiT, 2 £5 ££2? a,omSt or by ha, °- especial,y chtoro * ~ — • *2 

acrylamides and mettiacrylamides of the general formula 



55 



H 2 C=C-CONHR 35 
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where Rj« and R 35 are as defined above; vinyl elhers of the formula 
H 2 C = CH-0-Ras 

where Ras is as defined above; vinyl esters of the formula 
H 2 C = CH-OOC-R, s 
s where Ras is as defined above; 

maleates and fumarates of the formula 
RssOOC-HC = CH-COORjs 
where Ras is as defined above; 
and vinylic substituted hydrocarbons of the formula 
0 Rj«CH = CHR 35 

where Rj« and Raj are as defined above. 
Useful monomers include, for example 



mettiyl-. ethyl-, propyl-, isopropyh butyl-, ethoxyethyl-. methoxyethyl-. ethoxypropyl-. phenyl- ben 2 vl- 
cyclohexy.-. hexafluoroisopropyK or n-octyhacrylates and -melhacrytotes as ^ll as 
!S T f ^^n*,**. dimethylmaleate. diethylfumarate. meth~^nyfe m e r 

i \T Y T^T*' Pr0p} ° nate ' Vinyl ben20ate « acrylonitrile. styrene. aJpha-metf yi 

SZrylate e> ™* ^ **' ^ ^ S,earate ' *" d 

In one preferred aspect the instant polymers are free from copolymer units of such conventional 
monomers which are not hydrophilic modifiers. conventional 

The vinyBc monomers of formulae Mil can be prepared by methods known per se 
„™LT" P, \? ,e Sil03 « ne/ P 0, y a,k y , « n e oxMe containing divinylic monomers of formulae HII may be 
prepared by reacting a sHoxane diol of the formula HO-Sil-H. wherein Sil is a group of formlTv « 
defined hereinbefore, with a sufficient amount of a Afunctional reactive group con Jning comZnVa fea^ 
one of wh,ch reactive groups is coreactive with OH. such as isocyanate; activated ^Jf Tch ^t 

toX' " aC ' d ^ ° f 3 Cart>0Xy eStet ' ° f ' S 3 teaV,n 9 such ^or^S to 

ElT 9 rBaCtiVe 9,0UP COntainin9 Privative. Such reactive cc^po^nds "iS 

The resulting endcapped siloxane derivative can then be reacted with a polvoxvalkvlene diol of tho 
formula HO-(A>-H. wherein -A- is a group of formuia V above to form the ^i^SS^Z^Z^ 
siloxane - polyoxyalkylene diol. This diol can be then reacted with a reactive end Cap groTSnL 
monomer wherein the reactive group is an isocyanate; activated carboxy. such as mJESl TTS 

tet>Z™Zr A ? er '? ! S "J 8 "? 8 9r0UP "* M ha '°' S0,,ato or th ° ' ite to *»" tne co^ndTng^ 
Cap) derivative. Alternatively, the aforementioned polyoxyalkylene - siloxane - polyoxyalkylene diols ca! be 
further sequentially reacted with a further difunctional reactive group containing comS h^ngte SoSS 
-L- to form the corresponding di-functional reactive endcapped derivative which to^^wS^ 
siloxane of the formula HO-Si,-H. One may continue build-up aZa^ve ^«25S1^ 
eontamng d.ols in this manner, as desired. Then this diol may be endcapp^^tTa ^vTgZ 

ZSSSJSZZ m ° n0mer ha : mg - 3 termina ' ' Cap ' m0ie,y « *• dio1 ^cted with a sufficieTamouTS • 
difunctional reactive group containing compound to endcap the diol with a reactive group, such aTeTan 
isocyanate. etc. group which is then reacted with the appropriate W containing Zcti" 

X^^^«T*^ monomer havi " 9 a — bte ^ ™ 

Of course, instead of starting with a siloxane of the formula HO-Sil-H and building uo the alternant, 
sequence therefrom, one may instead begin with a polyoxyaikylene dio. of me fori I h£a?h anT after 
endcapping toe same with difunctional reactive groups, condense the same with JsTto^nVtoe 

rSS. 9 ' 0 ^ ^ — 9r0UpS * — - a "« - « ^ 5 

^AJternaUve synthesis of the direactive siloxane can be accomplished with a siloxane dihydride of the 



f3 f 3 
H-(Si-0) y -Si-H 

R4 R 4 
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and reacting it (as known in the art) with a vinwl cnntaininn «-«„^ . , , 

.Pica*, , ^ ,e M „ 9rau p. ^ as ^ CS^T^S^f ~ 



10 



OCN 




NCO 



is 



20 



25 



30 



35 



40 



45 



SO 



»™ESZX£. m ~ m>V *" «" " ■» "» — ' » «» «— ««capp« 

MM. and lJm£*£S£^ « « "»»W«™ blsaoylanMa: diary, phthalatt; Wall,, 

presence of an addition or condensation cJaETTZLLl ert dlluent and ,n ,he °P fiona ' 

S35ST - «* - 

av a i,I h bL Si, ° XaneS ° f ^ f ° rmU,a H0 * Si, - H are in the art and many are commercial readiiy 

metto'X P ° ,y0Xya, ^ ene ™* <* *• 'orrnuia HO-A-H are Known or can be prepared by known 

an S 122 2 ? St^CSCK by - — — - ' — - 

<fH 3 

-tKH 2 CH-0) (t4) and <CH 2 CH 2 -O) 05J f USj 
(especially when t( u, ♦ Mm = abou t 30-70, of (U, «me <U> moles of an epoxide of the formuia 



55 
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compounds, alumir.-n alkoxides hvdrates of femr rhi„,.H„ k « T carbonates, alkyl zinc 

The reaction may a.so be initial 5 l^^^SL^" ^ * raB " radiaaon - 
« or by a poiyo. of higher functionary such a ^ suc^e o bv 8,16 S'^ 0 ' or P ro P^ Qlycol 

hydrophobic units, is cSacte^,,; in ,he of more 

mola basis, is sufficfenUy h»drophobic so as to be subsanM. PWylene oxWo. on a 

«.-£». prafcrabt, tsss ^ „ 2. ,£ IS«f? """ 

HO(CH 2 CH 2 0).'-(CH(CH J )CH J 0) b '.(CH J CH 2 0) e '-H 
so wherein b has a value between about 16 and 100 and (he sum of »' an n * ^ 



35 



40 



^5 
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Such poloxamers are available, e.g. from BASF Wyandotte under their Plutonic© brand name Also 
suitable are the "reverse poloxamers". having polyethylene glycol bounded on each side by polypropylene 

< h»J/J yP K Py . ,e , n n« elh8r 9 ' yC0,S inC '" de commercfal, y ava » a °'° Products having a molecular weight range 
5 between about 400 and about 4.000. y 9 

unrSc?.^ '"lifers can be prepared as disclosed in EP-A-331633. entitled HYOROPHILIC 
MODIFIER MONOMERS, invented by Frank Motock and Richard Robertson 

Typically. convenUonally fully swollen polyhydroxyethyl methacrylate lenses which are sparingly cros- 
slinked possess a DkfxIO""). (mm'ml 0 2 /cm*-sec-mmHg) value of about 5-7 
to The instant polymers for use as an ophthalmic device, such as a contact lens, possess a DkfxIO—) 
vafue generally greater than 7 - 10. preferably greater than about 15. more preferably greater than about 20 
and still more preferably greater than about 40. yet more preferably greater than 80. even more preferably 
greater than 100. most preferably at least 150. prereraoiy 
The following examples are for illustrative purposes and are not to be construed as limiting the 
is invention. All parts are by weight unless otherwise specified. 

In the examples the following test methods were used in evaluating the polymer films- 
a) Oxygen permeability (Ok) is determined from measurements on a Schema Versatae or Createch 
polarographic cell. dlBC " 

. JoH a b > ^ et,ab :!i ,y , 0r ,ubricity is by a feel comparison to crosslinked poly HEM A (i.e. polymer- 

TJtl° XV t y l?^ aCrytat ° + 1 % ethy ' ene 9 ' yC0 ' ^ ^rface lubricity of P Ty- 

J^TC^S™ W8ttab,e *" " <A > - 3 - — " "™ 

^mn^UThfVT?" 1 ' S qUa !i l f V8,y eva ' Ua,ed by Pu,lin9 00 3 sheet °' *° material ^ hand and then 
comparing the result to a material previously evaluated by a micromechanical tester to be 14 kg/cm* A 

measurement found to be similar to this "standard" is designated (2): a higher value is designated (1)- a 
lower value is designated (3): while a much tower value is designated (4) 



20 
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Example 1: 



30 



35 



40 



45 



50 



SS 



addu^TpTpSS 8 T S< T ntia ' Syn ' heSiS °' 3 ^"'ethyl-siloxane/polyether urethane-linked 
adduct. Z,<IPDl-PEG-IEM) 2 . where Z, is a polydimethyl siloxane. IPDI is isophorone diisocyanate PEG is a 
pojyejhylene gtycol and .EM is isocyanatoethy, meth aC ry,a,e : and. the solution po.ymeSorl tnis 



Synthesis of Z;<IPOt-PEG-IEMh. Diadduct: 

A stock solution of Z.<IPOI) 2 is first formed by combining 8.0054 g (0.0036 mole) Shin-Etsu x-si sndA 

*TJZ = 2212 h ) t w ; ,h 1 - 6010 9 (00072 mo,e) ,pw and ' ^^SZS^^!^ 

S3i2?hT?2 .T \ emperature - ^ «~*0« o' ^ocyanate reacted (generally Is-SO %™ 
determined by d,butylamine titration and varies with the precise value of Z, molecularweight actually used 

?^n^ T^T^-^T' ° f PEG iS diSS0,ved in so,vent ^ corresponding amount of Sie 
IS ,r° fi S ^ '! to ' 0rm 2! < ,P0, - PEG )- is reacted at 50*' Citing 

overnight. IR venfies complete reaction of the isocyanate functionality (disappearance of absorption at 2270 

The calculated molar amount of I EM is added to a solution Z, {IPOI-PEG) 2 and reacted at room 
temperature overnight with stirring. reacrea at room 

Polymerization of Diadduct; Hydrogel Formation: 

into ^ ^L 0 ^ 3 '^ addUCt in S ° IVent iS miX9d With initiator ( ben20in meUlvl ««her. BME) poured 
elSl,^ fj molds and polymerized with UV light (Sylvania. Blackllght Blue. IS W) at room 

rr ;l a ?H k ™° P0,ymerized films are re ™ v <* from the molds, extracted in water several 

iiZTlnm'* minu,9S "* * en a,lowed 10 equl,ibrate ,n room ,empe ' ature water 
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Example 2: 

This example shows the resultant water contents and oxygen permeability values of polydimethyl 
siloxane-PEG hydrogels. i.e. crosslinked Z,<IPDI-PEG-IEM) 2 . solution polymerized using different molecular 
weights of PEG (200. 400. 600. 900. 1000. 1500. and 2000). Different solvents are used as indicated below 
to achieve solubility of the diadduct Rims are prepared as in example 1 except for samples 1. 2 and 3 in 
which PEG and Z-tlPDIh.are reacted at room temperature and samples 6 and 7 in which PEG and 
Z- < IPOI)* are reacted at 50 C in the presence of additional dibutyltin dilaurate catalyst 



to 



20 



25 



30 



Sample 


Wt% In 


the Polymerization Mixture 




z. 


IPDI 


PEG (MW) 


(EM 


Solvent 


BME 


1 


34.4 


6.9 


6.1 (200) 


4.9 


47.7 (1) 


0.18 


2 


28.0 


5.6 


10.9-(400) 


4.2 . 


51.2 (2) 


0.12 


3 


27.5 


S.5 


15.0 (600) 


3.8 


48.1 (2) 


0.11 


4 


24.1 


4.8 


19.5 (900) 


3.5 


48.1 (1) 


0.10 


5 


23.0 


4.6 


20.7(1000) 


3.2 


48.5 (1) 


0.14 


6 


18.8 


3.8 


25.5 (1500) 


2.7 


49.3 (3) 


0.10 


7 


16.6 


3.3 


29.6 (2000) 


2.4 


48.0 (3) 


0.49 


solvents:(l) = isopropyl acetate. (2) = dichloromethane. (3) 


= acetone 




Sample 


Physical Properties of Hydrogel 








% H 2 0 


Clarity 


Wettability 


OK 








Content 




(barrier) 






1 


5.6 


Clear 


C 








2 


16.6 


Clear 


B 


70.2 






3 


27.9 


Clear 


B 








4 


39.8 


Clear 


A 


66.1 






5 


46.0 


Clear 


A 


59.5 






6 


57.9 


SI. Hazy 


A 


45.2 






7 


79.0 


Opaque 


A 


47.5 







as 



As shown above water content increases with higher molecular weight PEG. Oxygen permeability 
however, decreases with the higher molecular weight PEG. 



*o Example 3: 



45 



Th,s example illustrates how the clarity of polydimethyl siioxane/PEG hydrogels is affected by varying 
the proportion of solvent Films are made as in example 1 except that the molecular weight of PEG is 1000 
and the solvent used is isopropyl acetate (IPAC). Samples 6 and 8 are made as in example 1 with 50 % 
IPAC and are subsequently diluted to 60 and 75 % IPAC respectively prior to the addition of BME and UV 
irradiation. Samples 1 and 2 do not contain enough solvent to dissolve the reactants and, therefore the 
synthesis is stopped prior to IEM addition and films are not made. 



so 
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Sample 




» In the Polymerization Mixture 


Clarity 




2, 


IPDI 


PEG 




Solvent 


BME 




1 

2 
3 
4 
5 
6 
7 
3 


37.7 
37.0 
31.8 
26.7 
23.0 
17.8 
15.2 
11.1 


7.6 
7.4 
6.4 
5.4 
4.6 
3.6 
3.0 
2.2 


34.1 
33.4 
26.5 
24.2 
20.7 
16.0 
13.7 
10.0 


4.4 
3.8 
3.2 
2.5 
2.2 
1.5 


20.56 
22.19 
28.91 
40.04 
48.45 
60.18 
65.99 
75.07 


0.54 
0.50 
0.14 
0.20 
0.12 
0.18 


(Not enough solvent to dissolve reactants. no films made) 

Same as fn sample 1 

Hazy 

Slightly Hazy 

Clear 

Clear 

Clear 

Clear 



As shown above clarity increases with increased solvent concentration. 



Example 4: 



20 



m«. £. P .° WS ° f COfnonomef addltion of *e P^sical properties of Z, PEG hydrogel 

hmI*. m f 6 m3 ,*! 3S w" amp,e 3 (Samp,e 5) except a "monomer (N.N-dimethyl acrylamide, 
DMA; N-vmy pyrrol.done. NVP; 2-hydroxyethyl methacrylate. HEMA; or methyl methacryiate. S 
added just pnor to the addition of initiator. y ' s 



Sample 


Wt.% 


tn the Pc 


)lymerizi 


ition Mixture 


2, 


IPOI 


PEG 


IEM 


IPAC 


Comonomer 


BME 


% H 2 0 
Content in 
Hydrogel 


1 
2 
3 
4 
5 


21.8 
23.0 
21.5 
21.8 
21.8 


4.4 
4.6 
4.3 
4.4 
4.4 


19.7 
20.7 
19.3 
19.6 
19.7 


3.0 
3.2 
2.9 
3.0 
3.0 


45.9 
48.5 
45.2 
45.8 
45.9 


5.2 MMA 
0 

6.7 DMA 
5.5 NVP 
5.2 HEMA 


0.10 
0.14 
0.13 
0.15 
0.13 


43.7 
45.5 
50.0 
45.7 
44.4 


MMA = methylmethacrylate; 
DMA a N.N-dimethylacrylamide; 
NVP = N-vinylpyrrolidone; 
HEMA = 2-hydroxyethyl methacrylate. 







45 



50 



,io/ S 3b T' 3ddi ! i0n ° f comonomers has effect on wettability or clarity. All hydrogels are 

clear and have an A-wettability ^ 



Example 5: 



.nnn ^ ,h ^ P C ° mp f res th \ ph ^ pr0 P erties of Z "' PEG «V*ogel films made by combining PEG MW 
1000 wuh lower molecular we,ght PEGs (200, 400 and 600) in various ratios. Except for sample 6, films are 
prepared as described in example 1 using isopropyl acetate (IPAC) as solvent and combining the molecular 
33?" PEQ j! ind ' Ca,ed be, ° W - SamP ' 9 6 iS Prepafed b * separa,9, y Of Z,/PEG 400 a^d Z, PEG 

itZ^'SV 0 e w a nw le V*?" 9 iS ° ProPyl aCe,a,e 35 S0,vent and ,hen «wn Prior to the 

addition of Initiator and UV irradiation. 
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Sample Mole Ratio 



10 



15 



20 



25 



30 



Low MW PEG.PEG 
1000 



1 I 0.1 

2 I PEG 400:PEG 1000 
1:7 

3 I PEG4O0:PEG 1000 
1:9 

4 I PEG 400:PEG 1000 
1:3 

5 I PEG 400:PEG 1000 
1:1.5 

6 I PEG 400:PEG 1000 
1:1.5 

7 [ PEG 600:PEG 1000 
1:3 



Wt% In the Polymerization Mixture 



23.0 
24.3 

23.8 

24.2 

25.5 

25.7 

24.0 



IPDI 



4.6 
4.8 

4.7 

4.9 

5.1 

5.1 

4.8 



Sample J Physical Properties of Hydrogel 



PEG(MW) IEM 



1 
2 
3 
4 
5 
6 
7 



20.7 (1000) 
0.5 (200) 

192(1000) 
0.8 (400) 

19.3 (1000) 

2.2 (400) 
16.5(1000) 

3.7 (400) 
13.8(1000) 

3.7 (400) 
12.9 (1000) 

3.3 (600) 
16.2(1000) 



H 2 0 Content 


Clarity 


Wettability 


Strength 


45.4 


Clear 


A 


3 


39.9 


Clear 


A 


4 


41.5 


Clear 


A 


•3 


382 


Clear 


A 


2 


33.4 


Clear 


A 


2-3 


39.8 


Clear 


A 


3-4 


38.5 


Clear 


A 


4 



32 
3.5 

3.3 

3.4 

3.7 

3.6 

3.4 



IPAC 8 A/IE 



46.5 
47.6 

48.0 

48.8 

48.2 

49.0 

48.3 



0.14 
0.13 

0.14 

0.14 

0.16 

0.13 

0.18 



The results show that incorporation of low moiamiar «/«;«k# oe^ -i 
maintains clarity and wettability of the resui Ls 9 G? COntent but 



05 



40 



Example 6: 
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70 



rs 



20 



2$ 



Sample 


Wt.% 


In the Polymerization Mixture 




Zt 


IPDI 


PEG 


IEM 


IPAC 


BME 


1 


23.0 


4.6 


20.8 


3.2 


48.4 


o fid 


2 


22.9 


4.6 


20.7 


3.2 


AO e 
HO.U 


n nR 
u.uo 


3 


23.1 


4.6 


20.7 


3.1 


AO A 

•to.** 


U. 1 1 


4 


23.0 


4.6 


20.7 


3.2 


AQ C 

**o*o 




5 


23.0 


4.6 


20.8 


3.2 


AQ A 

•to.** 


U.I 4 


$ 


22.9 


4.6 


20.7 


3.2 


*fO.O 


A itl 

u. to 


7 


22.9 


4.6 


20.7 


3.2 


aq a 


A A T 

0.47 


Q 
o 


23.0 


4.6 


20.8 


3.2 


AQ A 

48.4 


0.49 


o 


22.9 


4.6 


20.7 


3.2 


48.6 


0.79 


in 


23.0 


4.6 


20.8 


3.2 


48.4 


0.81 


Sample 


Physical Properties of Hydrogel 








% H 2 0 


Clarity 


Wettability 


Strength 






1 


45.4 


Clear 


A 


4 






2 


43.4 


Clear 


A 


4 






3 


46.4 


Clear 


A 


3 






4 


45.5 


Clear 


A 


3 






5 


46.3 


Clear 


A 


3-4 






6 


42.7 


Clear 


A 


3-4 






7 


45.7 


Clear 


A 


2 






8 


45.9 


Clear 


A 


2 






9 


48.0 


Clear 


A 


2 






10 


43.8 


Clear 


A - 


2 







30 



As shown above, increasing initiator level to at least 0.47 % improves the strength of the resultant 
nyorogels. 



35 



4Q 



45 



Example 7: 

example shows the effect of chain extension of the polydimethyl siloxane <Z,>. prior to synthesis of 
the diadduct, on the resultant hydrogels. 

, 3 ™ 9 (a °° 14 m °' e) ShirvEt5u X "«1-504A (1000) (MW 2212) are combined with 0.1512 g (0 0007 
mole) IPDI and 0.5 microliters of 08TL and stirred overnight at room temperature. IR indicates complete 
reacuon of the isocyanate functionality. This chain extended Z, is subsequently capped with IPOI and PEG 
as described in example 1 using PEG 1000 except for (sample 3). Sample 3 is heated at 50* C for 72 
hours (ramer ^ overnight) during the reaction with PEG. The calculated amount of IEM is then added to 
orm (Zi 'IPOI-Zi HIPOI-PECIEM),. The IEM is reacted at room temperature overnight with stirring eie£ 
for sample 1 which is heated at 35 C. y H 



so 
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Sample 


Wt.% In 1 


he Polymerizatior 


i Mixture 




IPOI 


PEG 1000 


IEM 


Solvent 


BME 


• 1 
2 
3 
4 


25.6 
30.1 
24.4 
30.4 


3.8 
4.6 
3.7 
4.6 


11.6 
13.6 
11.1 
13.5 


1.8 
2.1 
1.8* 
2.1 


57.1 (1) 
49.6 (2) 
* 59.0(2) 
49.4 (3) 


0.12 
0.14 
0.16 
0.10 


solvents:* 


1) = isopropyl acetate. (2) = acetone, (3) = methyl eth* 


rl ketone. 




Sample 


Physical F 


Voperties of Hydrogel 


% H 2 0 
Content 


Clarity 


Wettability 


Strength 


OK (barrer) 


1 

2 
3 

4 


40.8 
36.4 
43.1 
37.8 


Opaque 
Hazy 

Very SI. Hazy 
Hazy 


A 
A 
A 
A 


1-2 
1-2 
1-2 
1-2 


71.0 
105.2 

103.5 





Example 8: 



25 This example demonstrates the fabrication of prototype polydimethylsiloxane/polyether lenses from 
polypropylene contact lens molds. The reaction solution is made as in example 3 LLeVuTa ShT 

iTJZTLirir : t ** 078 % 8me ^ so,ution is *™£ %szss 

cured for 3 hours. After extraction m water and boiling, optically clear, strong lenses are obtained 
M.crornechan,cal tensile tests performed on the lenses yield the following properties; streS 0^2 kS' 
30 Young's modulus 15.9 kg.cm* and a 23"% elongation. ^ 1 



Claims 

as i. a macromer comprising a segment. Seg. of the formula 
<R- «-Sil-t(L)„-R, *-SilJ„-(L),,-R, s -A-{L-R- S -A] m > (I) 

wherein R-* is a bond or -N(R,)-. or if R. t is not attached to a silicon atom, then R. t may also be -O-; 

R- is hydrogen. C.-caikyl. or phenyl: 
40 n is zero to 3: 
m is zero to 3; 

h is 1 or h may be zero when the atom of Sil to which it would otherwise be attached is carbon- 
each Sil is independently of the formula 



45 



so 



f 3 f3 

-ff-R^-CSi-Oy-SK^VR,^ (Iy) 
R4 R 4 



ss 



each L is independently of the formula 
-LRtU- 

and each A is independently of the formula 
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-C-(C) f — c-o 
R7 R« R 7 



f 1 R 8 fi 

R7 Rg R 7 



(V) 



to r h8re l r" ,ln 5 rmU ! a i V e3Ch * ^ each Rs is '"clependently branched C,-,alkylene carbonyl 

with g being an Integer of from 1 to 10; 
each b and each f is independently 0 or 1; 
each y Is independently 1 to 200; 

" a^ lm*L: *" ^ iS ' nd9penden,,y se,ected *«" C ' and ary. of up to 12 carbon atoms; 

each Li and L2 is independently 
U 

- CO- or 

20 ? 

- C NH- in which the oxygen or nitrogen is bound to FU or 

? 

- C • or a bond; and 
each Rc is independently 

25 (i) -(Ci -as aliphatic)- or 
(ii) a group of the formula 

iIlk"" a, (ES tiC)rQk " {(5 " 7 membered ^"^P"^ or aryl of up to 25 carbon atoms)-Q (kir (C,- 2 oali P r,atic)- 
» ea* D is 1* to 3 ; nd " ^ lnd9Pendent ' y Zer ° W one ' but M ' is °- *™ is 0 and if jl is 0, then kl is 0; 
each aliphatic group in the R s (i) or (ii) above is uninterrupted or interrupted at any point by Q- 
each ahphauc. cycloaliphaUc. and aryl group within the R, <i) or (ii) above is unsubstkuted or substituted bv 
one or more subsutuents which substituents are haiogen. hydroxy. C,-«a.ky.. carboxy o^.-.IpenWkv^ 
each Q is independently selected from y ■ 2pemaioaikyi. 

as 

o L I ?* ° W 

-0-, -CO-, O-C- , -N. . -N — C- , -C-N-, 

" oil' tL ? >' °'' 

-O-C-N-, -N— C-O-, 0-CO-,and -N — C-N- ; 



and within formula V: 
45 each r Is Independently 0-4; 

each t Is independently 3-200; and 

g^ps wtlZ MV Sel9C,ed ,r ° m 9r ° UpS 0 ^ fii) b9 ' 0W 3nd e3Ch * is — ««d ^m 

50 and sLTuTc ha '° a r; subsUtuted C,-, 6 a.kyl. unsubstituted C,-, s alkenyl. 

and substituted C 2 -. ( alkenyl. wherein a) the substituents on the alkyl and alkenyl groups in f) are 

cTT "JIT UOm , n T°' C - ,6a,k0Xy - CJ " S an " no *** C-.ealkoxy.C(0 , STal enyioxy! 

^f" V , Xy ' T UP 10 10 Cart5 ° n at0mS - of °P to 10 «»rt>on a oms. aroy of up to 11 

cartm atoms, aroy oxy of up to 11 carbon atoms, ary. (of up to 10 carbon atoms^xycarbony. C,. 8 cyc- 
loalkyl. C-.cycloalkoxy. (C,-,cycloalkyl)-carbonyloxy. (C a -.cycloalkoxyjcarbonyl oxacycloaJkyl of ud to 7 
carbon atoms, oxacyc.oa.koxy of up to 7 carbon atoms. oxacycloa.koxy fcf upTo 7 ^on T^^lJ 
and oxacycoalky (ofup to 7 carbon atomsj-carbonyloxy; and b) eacr, alkyUnd aiSnTgrnup Vn aTbe^ 

iHTTho^ SET ? ° r °- C - ta,ky '' ° f C - ea,koxy p ™ d9d *« ^asVmentS 
alkoxy Is not bound (o a carbon already singly bound to another oxygen atom; and 
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to 



is 



20 



25 



30 



n) C,-,»aIkoxy. C-ualkanoyloxy. C,-, 5 alkoxy-C(0)-. Cj-.talkenyloxy-QO)- and C 3 - t aJkenoyloxy 
each of which may be further substituted by fluoro. aryl of up to 10 carbon atoms, or C,-«alkoxy provided 
that the last mentioned alkoxy is not bound to a carbon atom which is singly bound to another oxygen- 

in) aryl of up to 10 carbon atoms. C,-,cycloaJkyl, and oxacycloalkyl of up to 7 carbon atoms, each of 
which is unsubstituted or substituted by a substjtuent selected from those indicated in i)a) and b) above- 

"V"? °' Up -° 10 Carb0n at0mS - c y c,oalkox y of «P •<> 8 carbons, cycloalkyl (of up to 8 carbonsV 
C(0)0-. cycloalkoxy (of up to 8 carbonsKarbonyl, aroyloxy of up to 11 carbons, oxacycloalkoxy of up to 7 
carbons, oxacycloaikenyloxy of up to 7 carbons, oxacycloalkoxy (of up to 7 carbon atoms)-carbonyl 
oxacycloalkyl (of up to 7 carbon atomsKarbonyloxy, aryloxy of up to 11 carbon atoms, and aroyloxy of up 
to 11 carbon atoms, each of which is unsubstituted or substituted by fluoro. C-salkyl or Ci-«alkoxy 
prowded said last mentioned aikoxy is not bound to a carbon atom which is singly bound to another 
oxygen; and 2 adjacent groups R7 and R 8 . together with the atoms to which they are attached may define a 
5-8 membered cydoalkyl. cycloalkenyl. or oxacycloalkyl ring or a 8-14 membered blcyclo-rlng. 

2. The macromer of claim 1 comprising a segment. Grp. of the formula 
{Ris-A-CL-R.s-A-Jh (L),,^ (Seg-iDhV-Seg-tfUh-Ru-Sil-KDh-Ru-SillnV (II) 
wherein Ri*. Ri$. L, Seg. Sil. h and A are as defined in claim 1; 

m is an integer of zero to 10; 

n is an integer of zero to 3; 

p is an integer of zero to 7; and 

a and e are each zero or 1. but a plus e is 1. 

3. The macromer of claim 2 of the formula 
Cap-Grp-Cap ill 

wherein Grp is as defined in claim 2; 

each Cap is independently selected from formula VI or VII below provided at least one Cap per macromer 
is of formula VI; wherein formula V) is 

RutUWRsMAiMLaUJtRjjMdaJotReWUhh (VI) 
and formula VII is 

Rt7(U),(R t ) w (A,)«(b«J(R3)M(Ls)o(R«MU)T}r (VII) 
in which each Rt is as defined in claim 1; 

each w. x and z is independently zero or 1 . but if w is zero, then one of x and z must be zero- 

V^L ?• M 'Z' V ' lu n<1 2 >S inde P en<3en « , y 2ero or °«* if Y is 0. then G must be zero and M must be one; 
eacn j is or "NHs * 

each Ai and R* is independently of the formula 



as 



40 



R 7 R 8 



C 
I 

R7 



1-7 



45 



each U is independently 



-C- , -O-C- , -N — C- 



so ^ ri9 H! h3nd POrt L° n atta ° hed t0 Gfp prov,ded m »" Gr P atom to whi <* La is attached is not a 
S! ££t " * 0Bin ° r 3 0Xy9e " and U " - 0 * ° r - NR '- when such <*P at «m to a 

each L is independentJy 



ss 



? ? ? f l ? ? f ' 

-C-, -0-C-. -C-0-. -N-C. -C-N- 



? ? l F 1 R » ? 

-O-C-O- , -N— C — N- or -N—C-O- 
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when w is one. and selected from the same group as Lj when w is zero- 
each L 5 is -C{0)NH- with the carbonyl attached R g to J: 
each U is *C<0)NH- with the nitrogen attached to FU or R 9 ; 
each Ru is independently of the formula 

/ c=c - (vin) 



and Riy is selected from 

' 5 -taJS? m ' °"' "T 0, * NCS> • C(0 »- ha, °9 e " ™» COOR, 2 when the non-R, 7 atom to which It is 
S a J£ non ~ b0 '" 1 Satura,9d carbon » "» a'om to wh,ch it is attached is a carbon whicl is 

a^^ 

20 ? H JZ d R " *' when 0,6 non * R ' 7 a,om t0 whicn " is attached is a carboxy oxvaen- 

d) -CJO>-R. 2 . -C(OH)R, 2 . -C(0)N(R,,R, 2 and R. a when the „on-R 17 SomTwhich it is attached is 
an am,no nitrogen, or R„ when the non-R, 7 atom to which it is attached is an amido nTtrogen 
atfccbe'd' iS.^i 0 ^'"- - — — - "on-R.rr "to which it is 
2S OH. OH. hal. -OR, 2 when the non-R, , atom to which it is attached is silicon 

4. A macromer according to any of claims 1 to 3 wherein at least 30 % of the A blocks within anv nn» 
macromer of formulae Mil are homopolymeric for not more than 15 repeating unite * 

« VJlJT r ° me : i acco "! in 9 t0 c,aim 1 wherein Seg is represented by Seg, of formula 
tH»-SiHL)h-H. s -A> (la) 

3„ wherein R, t . R, 5 . Sil, L. A and h are as defined in claim 1. 

6 A A „ maC T er KMn 0 to etalm 2 wherein Grp is represented by Grp, of formula 
<R.s-A.(L) h ),.Seg ! -«L) h -Ru-Sil7 T (lla) 

wherein R. 4 . R„. A. L. Sil a. e and h are as defined in claim 2 and Seg, is as defined in claim S 

7. A macromer according to claim 3 wherein Grp is represented by Grp, as defined in c L 6 and Can 
is represented by Cap, of formulae R, t (U ),(R« ^(A, ML) )— (via) P 

and x 

R.^UMR^UAtMLahr < v »a) 
wherein ad the variables are as defined in claim 3. 

8. A macromer according to any of claims 5-7 wherein at least 30 % of the A blocks within anv «„« 
maimer of formulae la. lla or Ilia are homopolymeric for not more than 15 J^^E? 

9. A macromer according to claim 3 wherein «P««ng urms. 

f H 3 CH 3 CH 3 CH 3 

45 SUis - c HCH 2 CH 2 ^Si-0-) 7 -Si.CH 2 CH 2 CH-0- ; 

CH 3 CH 3 



35 



40 



50 a is one; 
e is zero; 

Rtt and Rts are each -O-; 



ss 
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L is 



O 

-CNHCH 2 



CR, 




CH 3 



HNC- 
II 
O 



to 



h is one: 

A is <CH 2 CH 2 0),: and 
p is zero: 
m is zero: 



15 



20 



25 



30 



35 



40 



? If 

Cap is -CNHCH 2 CH 2 OCC=CH 2 . 

CH 3 

10. A macromer according to claim 4 wherein all the variables have the meaning as in claim 9 

1 1 . A macromer of the formula 
Cap-Sil-L-O-A-L-Sil-Cap 

CH 3 CH 3 
wherein Sii is -CH 2 CH 2 -f Si-0)y-Si-CH 2 CH 2 - 

CH 3 CH 3 

wherein y is 1 to 200, (especially y of about 4. 7, and about 16); 




with the phenyl ring thereof bound to Sil: 
m is zero to 3: 



45 



CHj 

A is -(CH 2 CH 2 0) t - , -(CH 2 CH-0) t - 

so wherein t is 3 to 200, or a poloxamer or reverse poloxamer having t polyoxyalkylene units per A 
(especially t of about 6-8. about 45-55. and about 90-95); and 



55 



each Cap is *CNH- 



■CH=CH 2 
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„ »£ A h macrom f r ^f^ing to claim 11 wherein all the variables have the meaning as defined in claim 
11 and wherem at least 30 % of the A blocks are homopolymeric for no. more than 15 repeating unte 

ml^^S^S^^o 7 ° f ^ maCr0m6rS °' 3ny °' ^ ' to 3 haW " 9 in ite 
S ^^,2^ " m0f8 maCr ° merS * "*« 4 ^ «" itS ™> — a 

stated °' ^ maCr ° merS °' "* * d * M 5 to 7 ha ^ *» ite *"* — « 

» ^U^ErSt* 0 "' 0,18 " ^ maCr ° merS °' C,a,m 8 havi " 9 its ™* «"*" *» • 

a Je 7 ; c A 0 SHEETS T one or more macromers of c,aim 9 or 10 hav,n9 in its "*«» «*° 

a wale; iSKSiSE'S ?" "* * °' ' 1 * 12 "«** h ite fu » y — 

'* ^ 19 ;, A f 5 "" 6 ' bei ° 9 3 c °P° , y mer °' at ,ea «« »0 % of one or more macromers of any of claims 1 to 3 
and at least one copolymer^ monomer which is not a macromer of any of claim T tot SnVin its 
fully swollen state a water content of at least 10%. 9 

hi« fr,„ A m!' ym h er K bein9 f copo,ymer of one or m0fe macromers of claim 4 and at least one copolymer** 
ble monomer wh,ch « not a macromer of claim 4. having in its fully swollen state a water oonJJKhSSi 



20 10 



and \ ? 9 COp ° lymer °' at ,east 10 % °' «• or more macromers of any of claims 5 to 7 
and at least one copolymenzable monomer which is not a macromer of anv of claim 5 to 7 hZSL V / 
fully swollen state a water content of at least 10 %. ' havin ° ,ts 

22. A polymer being a copolymer of one or more macromers of claim 8 and at least one copolvmeriza- 
bfc monomer wh.ch „ not a macromer of clam 8. having in its fully swollen state a J^SSSTIZ 

' A P °' ymer bei " 9 3 c °P°'y n,er °' one or more macromers of claim 9 or 10 and at least one 
SSKS^ET Wh ' Ch " " 0t 3 m3Cr0mer °' ^ 9 " ,a h3Vin9 in ite swo "- ^e a wato? 
«,J 4 ' \ p °' ymer bein 9 a "Po'y^er of one or more macromers of claim 11 or 12 and at least one 

sjsss^sto % hich is not a ~ of d * m 11 ° r ,2 - * ^ -'-eni,:: 

25. An ophthalmic device comprising an optically clear polymer of claim 13 or 14 

26. An ophthalmic device comprising an optically clear polymer of claim 15 or 16 

27. An ophthalmic device comprising an optically clear polymer of claim 17 

28. An ophthalmic device comprising an optically clear polymer of claim 18 

29. An ophthalmic device comprising an optically clear polymer of claim 19 or 20 

30. An ophthalmic device comprising an optically clear polymer of claim 21 or 22 

31 . An ophthalmic device comprising an optically clear polymer of claim 23 

32. An ophthalmic device comprising an optically clear polymer of claim 24 

33. The ophthalmic device of any of claims 25. 26. 29 or 30 which is a contact lens 

34. The ophthalmic device of any of claims 27 or 31 which is a contact lens 

35. The ophthalmic device of any of claims 28 or 32 which is a contact lens 

H„ Ji!' A m !f 0d °L ( ! onrectin 9 visual defects comprising applying to a patient in need thereof a visual 
defect correcting opthalmic device of claim 25. "'oreor a visual 

37. A method of changing eye color comprising applying to a patient a colored contact lens of claim 33. 
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